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Geological and Geomorphological Causes of Deep-seated Catastrophic Landslides
in the 1953 Aridagawa Disaster
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Synopsis

To reveal the geological and geomorphological causes of deep-seated catastrophic

landslides (DCLs) by heavy rainfall in the 1953 Aridagawa disaster, detailed geological

mapping and geomorphological analysis using 1-m DEMs were undertaken in the upper

reaches of the Arida River in the Kii Mountains. This area is underlain by the Cretaceous

accretionary complex, consisting of sandstone dominated alternating beds of sandstone

and shale and their broken formation. As a result, southward dipping low-angle faults,

shear planes of broken formation with laumontite veins and the Yanase fault formed the

failure surfaces and most of the DCLs were distributed along the convex slope breaks,

undercut slopes and ridge lines with deep weathered rocks.
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Keywords: Aridagawa disaster, deep-seated catastrophic landslide, heavy rainfall,

geology, landform
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A: Kongouji landslide B: Landslide dam of Kongouiji landslide C: Kitadera landslide

E: Arinaka A landslide F: Arinaka C landslide

G: Koyadani landslide H: Kukidani landslide

Fig. 1 Photographs of the studied landslides (Kongouji, Kitadera, Arinaka, Koyadani and Kukidani
landslides). These photographs were taken by Hatutarou Tuboi and provided by Hanazono Branch,
Katsuragi Town.
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Table 1 List of landslides in the study area.

Volume | Date andtime | Landslide [Continuance of]

Landslide (%10°m*)| of occurrence dam |landslidedam| o'
Kongouji 520 [1:00am July20” 0] 65 days

Kitadera 52 11:15 July 18 O A few minutes | 96 deaths
Arinaka_A 112 7:00 am July 19 O 68 days

Arinaka_B 64
Arinaka_C 66

Koyadani | 163 | 10:00 am July 18 o] 100 days

All data without an asterisk are from Fujita and Suwa
(2006).
*: Research group of union of universities in the Kinki
region (1953)
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Fig. 2 Location map of the study area. The blue

line is the Arida River watershed above the
Futagawa Dam. The rectangle is the area where
detailed geological mapping was performed.
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Fig. 3 Map showing the landslides detected by air photos taken just after the Aridagawa disaster. The

thin line shows the area air-photo interpretation performed. The characters of A—H correspond to the

pictures in Fig. 1.
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Hanazono complex - Sandstone block-in-mudstone-matrix rock including red mudstone
- Pale-green mudstone

|:| Sandstone dominated broken formation and coherent strata
- Shale dominated strata

Fault —3— Anticline —— Fault —— Bedding
—¥— Syncline —— Shearplane —4— Fqjiation

Yukawa complex

—— Shear plane

Fig. 4 Geologic map obtained by this study.

Fault and shear plane (n=203) Bedding (n=207)

118,53

Lower-hemisphere
Equal-area projections

.

Bedding

Fault a Shear an

Fig. 5 Stereographic projections of faults and bedding. Lower-hemisphere equal-area projections.
Colored areas show the contour map; contour interval is 1%, and counting area is 1% of net area. n is
the number of measurements. The best fit great circle and its pole are drawn in the stereographic
projection of bedding.

— 118 —



Fig. 6 Location map of outcrops including

white veins. Black diamond shows the point X-
ray diffraction analysis was performed.
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Table 2 List of minerals in white veins detected
by X-ray diffraction analysis in the study area.

No | L i Quartz Calcite lite Chlorite

1 rh e + + +

8 44 +4e + + + +
15 -t R ++ +
26 Eas e + + + +
30 44 +4e -+ + + +
31 +h R ++ + + +
35 Eas e o + + +
37 44 +4a -+ + + +
38 i+t e ++ + + +
43 Eas e - + + +
44 + +4a + + + +
60 i+t R ++ + + +
62 Eas e o + + +
64 44 +4e -+ + + +

Location of samples refers to Fig. 6.
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Crossed polarized light

Plane polarized light

Fig. 7 Photomicrograph of sandstone with white veins. The pale-yellow portion under crossed

polarized light (white arrow) is laumontite.
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Fig. 8 Longitudinal profiles of the Arida River
and its tributaries above the Futagawa Dam.
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Fig. 9 Map showing the distribution of convex
slope breaks, knickpoints, landslides and
gravitational slope deformation. The terrain
ruggedness index (TRI) is defined as the mean
difference between a central pixel and its
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characters refers to the text.

Tz, HAEEHN O RN B L7z v v — 7 72t
AT ZR L C EERA T vy 7, THERNEAE
BRI A B BB ) D 7 D REEN B S LT
(Fig. 10T DBIAGHEI) . becDEIFAEIT, dO L
OWET vy 7 BREL TERERZLO LHEES
5. ZHEOFFEIE, AW ok L7z8A
W 2k LTz bo L Bbh s, F72, #HMAJ7
JEIZITAEMN22oW, BRSS9 0EABmEAFEL, %
DO IR (FALS10°W, 7T 3P41°8) 3 Elg &
N7, RMEERIRENICIE, Wb % &1 B AaR? Iz
L7-Watnfn N EREE ST,
PLEOBIEERER KLV, B 3 0 U /Y A
BHNOR DL SOWEThH o tHEESND. H
RS L LT, MEEAREE I YITRAEL
7= (Fig.9) . F7z, BRI IIR I AN O 5
NHE B OREREIZAE LTV, BEH - )G
(2006) DOFEIEHICH D L 5, BAEDOHH)IOWE
IR FERICRIRST L OYEKREIT S T2 DIZ ANBMIZHE
HlEnzb o<, KFLANIBEOHRE LY HALA
EEEATLRA LI F LTV,

(2) dt=F

Fig. | T AREER 0 O #VER, HE W, HgrR
HEE DO AT LA RENB L OBHEAE L~

B PN 35 & OVER EE b oD TE R D IV WV O AR &
D, AREEm AR L W ook, B3R LT
RAWrE &, FVEIC36°HAE Lt AWE THh o7 &
HEEESND. BIE OBEIZIE30ecmD H # 7 L —H A
b, WA EEAAIRNBEEL TR,
N —OFITBICE D ESICHT S (Fig. 11T O
SHEED, d) . BRI EICIE, BIIC53°~60°MHA L
AT RO ABEAEH L, B8 (JFIS5°E
~S4°W, T L U43°S) MESN TV, BEEIC
i, HESTOMENEE LA T e v 7 BEHL
TWiz (Fig. 11O FEIAT Ha) .

FREERLE I, BRI R & B LT\ 5 (Fig. 9) .
70, AR PR T EEA B O BCRA R IS AE
LCui=.

Q) Aw

Fig. 121ZAREEJE0 o MU X, H/EL T iAi B d6 L OVE
SHEHZ7RT.

Z ORI TIE3ERT O RN R E LI, 20
PN D2 51 FIT U P BBURE O BT g vn VS LT
7=, tO1ERN, Blar T Ly 7 AR O A ES
PRREWTRE TR LT, W OO P L R IT L L R 0
WIS a7 Ly 7 AOWEBRELE LD
< (Fig. 12 DA) , o1&, BRI
THHEa T Ly 7 AORE LTz RaE DS L

— 120 —



" Longsiide in 1953

Sandstone

= dominated broken
dominated broker e s
formation and =
coherant strata
Shale dominated
! Shate dominated ’
strata
— Fault
= Faull s
e Anticline
I Anticline B
~f- Syncline
N s
200m Landslide 1 00 N s
__T0m Landstte G G
\ =
= AT w — 7 N
w / AN bl (< \
: ) N z { \
H I H Ak e R
F N vl 4 B .
Arida Ri g \\
- N |\
g A W2 R
’ s Lower-hemisphere
Se  Lower-hemisphere 200 Equal-area projections
00 Equal-area projections o 1200m
N 1300m W £
W E W T ]
" © i Landslide
K ) E N |y Arida River
= Landslide - h '
> g 5 |
4 3 NBEW.ABSW
E . O : : e
E P> . . Anu|a River | fr ﬂ/
g \
E 300
H . N i 1200m
Horizontal distance (m)
- |
o Horizontal distance (m) 1300 m

Fig. 10 Geologic map, geologic cross sections,

Fig. 11 Geologic map, geologic cross sections,
stereographic projection of discontinuities, and
photographs of outcrops of the Kitadera landslide.

stereographic projection of discontinuities, and
photographs of outcrops of the Kongouji

landslide.
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1 Landslide in 1953
1.
Sandstone block-in-
mudstone-matrix
rock including red
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Reseda mudstone
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Fig. 12 Geologic map, geologic cross sections,
and photographs of outcrops of Arinaka
landslides.
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Fig. 13 Geologic map, geologic cross sections,
and photographs of outcrops of the Koyadani
landslide.
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